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Mood is not critical, as is the case with P
(Sterhing & Gray 1950) In subjects without i
hemolytic disorders, the apparent volume of i ;
}
b

The use of radioactively laljeled red cells
for the determination of the ved cell volume
(Vrbc) has gained wide acuoptance swice st

mtroduction by Halin & Hevesy (1940) Of  dhstnibution of cells labeled with Crdt even

24 hours after injection is no more than

the procedures cusrently 1n use, the methud b
o Sterling & Gray (1950), wtihzing auto- 5 per cent greater than the volume estimated !" : !; L
genous cells labeled with radioactive sodim  withim an hour of the injection (Sterhing & X ’y’ .
chepmate, (Ce®1), meets most adequately the  Cuay 1950, Nomaf, Hopper, Brown, Scott W«' P
basic Y’ctlu'(l'cmcnls for blood volume meas- & Wennesland 1954, Mollison & Vedll {‘ .3 '

1055).

One of the prinapal disadvantages of
wang aither Cr3t or 12 is that the cells must
he tagged i zaro, winch 1o clinical studies
weans that the subject must be available at ,‘v‘ N

wrement by the difution primciple a) that
,the “indicator”, in this case tagged cells, can
Ibecome evenly distnibuted in the entire blood
volume within a reasonable period, and #)
that none of the tag 15 lost from the circulat-
mg blood during muxing e rate of Toss of
(e from the tagged cells 15 so <low that
the lapse in time between their injection and
the estimation of their ditution i the subject

least an hour before the actual measurement
More nnportint, howover, 15 the possible
et on accurmy of damaging the cells by
processiyg than e zatro As will be shown,
tles 15 nat an mmportant source of error ia
volume detanmwninons (Wennesland, She-
pherd, Nomof, itown, Hopper & Bradley
[957), excgpt
tondoncies Gicater Gae in tagging is re-
quired of the cells are to be used for studies i

‘ t
133 ) \ ' i
T

BEST COPY AVAILABLE Ii

P This work was supported by grams (H 1271

—— e

Hedth Service and by funds from the Amerniom
Heart Assocration, the Materey senl San Frainen
Hart Agsociations and the Commuttee on Research
ol the Universty of Cabforima Sthaol of Medion

m o patients with hemolyte 1‘
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Fig. 1. Apparatus for deivering tagged colis. A =

calibrated 10 ml syringe, 5% uxh meedle; B =

aes rovarvolr (capacties of upper and lower

chambers 35 mi amd 15 ml, respechively); C =

desponable plastec twbimg, s inch deameter; D =
ghayy wdagter.

of erythrocyte survival (Hughes Jones &
Mollison 1956).

The following report will describe and
assess a modification of Sterling & Gray's
method that we have used extensively (No-
mof et al. 1954; Wennesland, Brown, Hop-
per, Hodges, Guttentag, Scott, Tucker &
Bradley 1959; Rapaport, Yamauchi, Green,
Brown & Hopper 1960; Brown, lHopper,
Hodges, Bradley, Wennesland & Yamauchi).
Cell tagging.

About 12 ml of the subject’s OLL- for
taggwng cither Trthcrmou befose or the mova-

METHOD

g of the test L caves of severe amm.\

blood 13 drawn to prowde an M"‘N
of cetls The blouxd & injected :’?r‘::::’: Varng,
cap of & stenle 15-mi cenitrfuge tyhe e by
2.5 mb of acid-citrate-dextrose solution oo
A solutron comamng 01—19
per 4C oo prepared at appropreu
stenhzed by aubuclave A volume iy ¢
05 ml contaunng 5075 nuCt 9y added ¢o ":
m the centrruge tube end mixed by gentie by
ot room temperalure ﬁx 45 mimtess, ph.::u..
excess Crit are separated from the tagged by

€ of NBG()'.
¢ UeTval,

centrifugmg and washing thrice wuh q v cells b,
09 per cent sabme sohstion equal to thy "d"":

dexcated plasma, #t room temperatuce T

. " he
are resusponded n sufliciant sabre to rest. by

vohlm(oﬂmdd!onu-ndbloodmn;::::
either  used &t owce or refrigerated Overingly 5

4-5° C. The suspemion s kept &t roun tempera
ture for 45 muamres of ket before utraven g -
jectoon Strict aseptic  precaulione are cbsen ‘
throughout.

Measuring and delivering the dose of tagged cclts

The subject’s height and weght are recorded
arxd he rechines i a cormdortably warm room for m
Jeast 30 mumstos before the test A wide-bore nredie
comnected o 2 small infusion apparates (Fig 1
1s placed #n an antocubmad ven. The same midweltg
medbe 15 used for dehvery of tagged celly and
wetldrawal of samples. Enough 0.9 per cox salwe
s put @20 the appacatus so that the v
of asr; the lower c'rasmber contains 2 ml, and
the upper about 10 mt Salme 15 allowed 10 ‘ﬂ-‘u
slowly nto the vem (0 demonstrate the adequacy
of the vempuncture befbre the oclis fare injected

' C(ulvcﬂed Py ¥ Radeoactrvty Rescarch Cenr
ter from Cr“ Iy joianed from the Oak Rider
Natrasd Labot o

* The procedure described above rs the one wed
a prasemt When we were collecting the data e

 puorted # this paper, we wure usiag a plane «

tllation detector 1 which only 32 per cot ol the
gamma disintegrations of Cr¥! were oleerved »
oouts, 30 that 150200 uC of Cr'* were needed
for laggng

* Tubes are fastencd to a phomograph
revolvig ot 33% rpm

turmahe

bring » Im‘

f

R A rne POk (RS N R

le tagged cell sisperr o s diawn feem
seft

ot was tagged e
red test tube 1 wine
"u‘:“ e whih has bex 1 cabbrated for con
e & Van Shyke 1912) A ko el
‘&‘-l,:,) s sulstitited for the meedh wsad
‘

tramssler Exactly 10 wit of the suspension
V: Jelpverad o the kover chamber of the
’ Ihe syrume aaml

g 1)
™ W::ﬁ':)(‘::“_ n:n-s with a totad of 8 10
-“l’: :‘1!! taken from the upper geservor I he
’ i and wasiupgs are allowed to flow
w‘l’:‘n‘ the lwer restrvoir oo 1lx vem

'”’"' followed by @ anal aar Dolmile (whenst
ot ml) which holps to swiep the tubing Aean The

e the 210 pubble emers the som s mated s e
Jegn e of the m it unson purserd Aftar i,
e rate of miuswa & redinnl 10 the mmainn
acded to GOSINC patency of the wecdle (11 dioynd
ande 07 tess) The unuscil porticar ol the I.ur'uwl
il suspevmon 13 reservesd for ntcT:rmml ol M-

adoectiviy. j

Sampling and counisny

Bl samples at,\ tahon 28 nmamiles or more
sher the begomng of the nnving pernl Ulandly,
o samples are takeh at an milurval of 5 nunimas
od the results averaged o proven dilution of
I hlood , weth sebre, the melinsat os discottiansd
8 W0 s#‘u!lk before suupliyg  The first 2 3l
of bhaxd 15 thovarded A 5 il samphe v then $ihn
ad tramlerred 10 @ fost tube contammne oo s
wabte mexture (Heller & DPaul 1944)  Duphaat
Wazrobe tubes are folled, 1oppesd watle a simall oo
of merd ol aad coningal for 30 awncs
MO (pm {distawe fp Limr TR to con
fuge comtey = 13 cm) Dhey are rewd o e top
o the cell cohmmr Two sl of the wdl nusad
wmple are deliverad by caldbi ded prpette o o
Wt tube (12 men mdernd dhaeter) sl vountad

toice w2 well sentsllation vounter? Two 2ol

1
The Gickiess of the butiy vont 18 feconlod
w0 correction s applicd wiloss st cweends 1 uin

' Wath our presemt egquipmcon 45 per com ot
tamma rays from the Cr*'oare obiserval s connts
: ollicient mber of Conats (4190 08 oty an

el tu lnt the statednad flucta i ol
Curegto L 16 per oot

NEroNn o D E e e b 137

atims ob e vl el suspenseon, dilumed
15 wath dhahilbod walcr, are comed ur the same
novut Conmtiges ol blooal aid cell suspenswon are
diconated 10 numne the uluence of  powible
Moctuatsorn 11 e scostavity of the couiter.

Caloulatrons

AxS0xV

VOe® (ml) = B

where A aml Boaie tlx averages of the observed
counts et sl per il of the driated cell suspen-
o aml of the bload specimens  respectrvely, and
Vothe volimie e mil of Gl susponsson unected
Cll volumie (Vi) 1 the product of VCrdt and
the average of tlhe twor bematocrst readings of the
wHple AU thiy sLage #ois cotrvenat to campace
the drerval Vil with tike pradicod cetl vohume
ol a Beadthy <ddgect of the sanve weght, hesght
aml wix s establnled by our studics wath tha
uwthod m AN baalthy nen (Weonmeskusd et ol
1959) aexl 101 wonren (Brown et ol ) “Predected
wornwl’ valucs for Vi can be foad by a cone
vermant graplne method (Wemmoslad et ol 1959,
Wintrobe 190E, Brown ¢f al) or by the following
CYpite s
For men Vide (ul =860 x heght (cm) +
B0 x waglt (k) - KW (5D 1)

For women Vi (ml) = 7 5x hegin (cn) +
43 woght (kg o (S 134)

B shoukl b oasotad that true cell volmme 1
shightly smallir thas Vide a5 cakubied atmove
Twvane the ool columm of the hanatocrt tidxes
from whndli the vahe 1 calculated contaen 2 -5
e ot of toappot plawna (Reeve 1952, Chaphn
& Mol 1952, Fhaugh, Tevme & Eawerson
1955, Corgpaiven & Rowwm 1959) axd the bully
Coad 1 macChuded it hwenaiton it reading Qur pre-
it stand ool O\ Coancslad et af 1959, Brown
ctal ) wore propared without cornections for trap-
pob plasine bocuie e siggle factur 18 winiaomly
pliabbe (Chapdm X Mallivon 1952, Ebaugph et ol
1935)  Alier oboinval Vil has beenn compared
with e “pradutcd pormal” for the subyject, a
sl Cotrccim Lictor foe trapped plasna may
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be used to determime the “true” Vrbe, if desired
(Reeve 1952; Chaphn & Molhson 1952; Ebaagh
ot ol 1955; Gregersea & Rawson 19%). The om-
tents of the bubly coat represent only 0.5—1.0 per
cent of the cell vohume en healthy people (W.ntrobe
1961), and we hrave found the top of the cell column
casier to caad than the interface botween red and
gray fayers. Therefore, we have lollowed the prac-
tice of Reeve (1952) w our studies of norenal sb-
jects Hematocrit readungs can be corrected appro-
prrately when the buffy coat exceeds | mem.

RESULTS AND DISCUSSION

FEvaluation of sources of error and
commenis on lechniqu:.

Errors of measuring a volume by the dilu-
tion technique can be considered in two cate-
gories. First, is the accuracy of estimating
the amount of indicator added, in this case
tagged cells. 1f the dose administered is
smaller than supposed, then the volume
appears larger than it really is, and vice
versa. Included in this category are @) meas-
urement of the volume of cells injected, b)
the accuracy of counting the radioactivity of
the tagged cell suspension, and ¢) hidden
errors, such as lass of some of the tagged
cells from the circulation s #ivo, as might
occur if cells were damaged by the tagging
procedure and were phagocytized or other-
wise removed from circulation. The second
category of crrors relates to the measurement
of the dilution of tagged cells in the blood.
Included here are a) the time and technique
of blood sampling, and b) the accuracy jof
estimating the radioactivity of the
Since the measurement of {radic
critical to hoth the estimatjog of
delivered and s dilution ik thé

will be (‘nu:-ndch_ﬁ[él.’ : ‘

Errors in measurement of mdwuctw”y
With the plane saintillation counter useq
duning collection of the data reported here
10 ml of the tagged cell suspension gcnﬂ;";
yielded a total of 20,000—30,000 County;
second!, providing a good contrast betweey
the blood specimens and the backgroung
radivactivity. The counting error averageq
1.6 per cent (Nnmof‘ et al. 1954), Samples
and standards were placed in dishes, 42 mp,
in diameter, for counting. Variations in the
distribution of the tagged cells in relation ¢4
crystals of the counter caused by sedimenta.
tion could be obviated esther by twirling the
dish just before counting or by hcmolyzing
the cells. We found the latter unnecessary
Thirteen duplicate samples were counted.
one member of each pair was frozen and
thawed, the other agitated by hand. The
mean difference between the hemolyzed and
agitated samples was nil, and the standard
deviation of the mean of the differences was
018, or about 1.5 per cent of the average
counts per second of the 13 hemolyzed speci-
mens. This result also shows the approx-
imate size of the variations that can be ex-
pected from pipetting and counting “efrors
combined. z p

‘

Errors n measuning the admunistered doke
of tagged cells. Thé two most importait
changes, we have miade in the method are
a) tagging (‘1 cllh the day before instead
of the day of 1h:¥ penment, and b) using
the infusion apparatus and indwelling needle
for administration of tagged cells and for
samphing Tests were made to assure thal

! With the well4ype scistillation detector #ow
betg uved, the 10 ml of tagged cell suspenmon
yiokh 50,000- 60,000 vnnnts/ vecund

-
ather mnovation unp ot - e womrwy o
e method

I Overnght storage ob tyged cells e
sler to study the patients before then
ceakfast so that their metabohc and cucula-
oy status widl be as wmform as possible
pgeing the cells in the aftcrnoon and stor-
< the suspension overnght s convenient,
pecially for tests on hospitahized patients
@able T shows that alter overmpht refrygera-
on, the supernatant saline contains less than
12 per cent of the radiadtivity of the whale
wpension. In anumal experunieats described
wewhere (Wenneshand et al  1957), we
sowed that although some of the tagged and
dogerated cells may be canght m the luny,
wer and spleen of rccnpmit" animals, the
ggree of such cell loss 1) isufficient to
Jiect Llood volume determinations  When
s stored for 1 dpy were ujected into dogs,
e total loss of (ak:m b and 1 I Wwas

Table L. Loss of Radiodhivaomunn (Crt)

fow the, Tagged Cells to the Supernatant

L.lue ‘aftd to the Infusion pparatus after
6—20 Hours" Storage

No of adicactity i ®,
Losa of Cr** to.  |obnerva- of total dose
e L
Supernatant saline .12 0132 014
lasfusion apparatus®
Synnge 15 [t a0
Glass bulb 10 i o2
Tubing n [V 07

* Detormined by measuromg the cwlicactiviny of
alogs, wlhech wore repoatad nal the conns
darved  when each portumt of apparatin wos
hced dicectly s the sowmll i comrer dhid ot
Her sgmircandly  fronn the bachgromd  tulio
Illv"

loas than 03 Perocent (Wennestand et al
19571 1he loss of Crst from the blood dur-
g the first 24 hours after mpection of ¢ells
tagged and stored by our method averaged
5 per cent 1 8 healthy subjects (Nomof etal
1954) Mollison & Veall (1955) found a
simnlar rate (6 per cent) in 16 experiments
where the blood was returned inuunediately
after taggimg  Overmght storage therefore
appears not to have any disadvantage, at least
when dealing with normal blood!. Hughes
Joues & Molhson (1956} believed it was
unhkely that the early loss of Cr¥! was due
to the handling of the blood, because they
fousd equal rates of loss when blood was
tagged wn vitro aud v vive

2. The infusion apparatus The import-
ance of a clean venpuncture and of accurate
measurement of the amount of injected g
tias long been recoguized (Price & Longnure
1912) The radioactivity left in the tubing
and glass bulb adds about 50 per ceut to the
very small amount  left in the syringe
(Talde 1) Varation in radicactivity re-
maming i the enure delivery system are
quite small (Table T)

i 1tro hawlbiog of the blood, mecessary
all the raduactsve celldaggug inethods, may couse
indetermine ervors 0 estimating Vebe of patrents
wih henwlyta terdencres urdess chiocked by micas-
urctiots of well survival In a large climal ex-
peoneme wath e ethod, we have had to abawlon
e test it raie acrynan becawse of visible hemo-
Iysts of tw tagged cell suspenseon. The pationts
intially had remal discave, anud e bemolysis ovcur-
1) carly w the tagenng prinadure (ovennght stor-
art was et amohed) This olnetvaton rases the
prrstinliy that s iz o bemolysis may be accen-
tused atd be an importast source of error m pa-
1t with hemolyin teixdetcics due to extracor-

s ndar factons

— -

|
i
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Table 1I. Average Hematocrit and Cell

Voluime (Vrbc) of Blood Samples Collected

10, 20 and 30 Minutes after Injectson of
Tagged Cells in 27 Healthy Men.

Time of

! Hematocrit Vibe
s.ﬁzl hﬂl % celils i

10 4454 2.06

20 44 41 2.06

30 44 56 208

Errors in collection and timing of blood
samples. 1. The indwelling needle. This has
the further advantage of obviating hemocon-
centration resulting from repeated veni-
puncture and tourniquet applications. The
phenomenon of “spontaneous hemodilution
followmg veuipuncture”, which has been de-
scribed repeatedly (Gibson & Lvans 1937;
Hanua & Marshall 1955) and has been ob-
served by us under different circumstances
(Brown, Hopper, Sampson & Mudrick
1958), is not found with this procedure In
27 experiments, samples were taken 10, 20
and 30 minutes after delivering the cells. No
downward trend of the hematocrit readings
was observed (Table I1).

Two suspicions arise about the dwelling
needle and the infusion apparatus: a) that
blood drawn for samphing might be conta-
minated by accumulation of Cré in the needle
awd vein near the site of injection and b)
that the samples taken shortly after discon-
tinuation of the infusion might be conta-
minated with saline The following expfri-
ments were therefore doue.

In 19 tests, one sample |was. takep |from
the mdwelling needle in th sutlllwl (m-
fusion discontinued for 30 pdcot id the
first 2 mil ollbluod diseprded). A second

L)

N . M

TT—
sample was taken from a distant vein, wi,
care to avoid the cé[ects of tourniquet stagi,
(blood taken no less than 30 seconds afy,,
releasing tourniquet; first 2 ml discarded)
Table 111 shows that the Vrbc determineg
from blood taken from separate sites was t,
same although the hematocrits of blood from
the freshly punctured veins averaged 1 scy),
division higher. To test whether the diifer.
ence resulted from contamination with salig,
from the infusion apparatus, we compareg
the hematocrits of two successive 6
samples taken from the same needle afte,
discontinuation of the mfusion. In 15 experi.
meds, the first sample was not sngmficanny
more dilute than the second (Table 1V)
Thus, it appears that the indwelling needle
can be employed without fear of contamina.
tion of the samples by either sahine or Crét

It has Jong been kanown that significant
hemoconcentration can occur when blood 5
taken during the apphcation of tourniquets
(Peters, Eiseoman & Bulger 1925). When
no particular care was taken to prevent
stasis, ¢ g., when blanks were drawn to de-

Table 1. Results of Mmmre';:qnu ox

Nceedle and from o Newly Placed Needie w

Rlood Samples Collected from a‘n an1(féllcﬂg|

a Distant Vrnr m 32 lfx['frltnncnt:

| Specitnen Collected from.
i Differ
!l hng  Newly Placed  ™*
Neddle Necdle

——er
' Mean S D Mean| 5 D Meandt

Hemastocnt

o cells 4530 340 4640 | 330 110 07
Vibc, lters 208 030 208[ 031 000 "ﬂ
Vpl, hters 252 041 242|037 o100

—

v

CRM MY 11HOD FOR DETERMINATION OF'RED CHLL VOTUME 01

— .
jermine residual radicactinity from carher

riments, the hematocrit was sometunces
&’s(ically elevated In one case, the cleva-
pon Was as much as 7 8 scale divisions (aver-

in 87 cases, 25) This artifact does not
ect the deternunation of Vrhe since the
pasurement is based on the radwactivity
and the hematocnit of the same sample The
derived values, Vpl and Vwb, however, can
pe seriously affected (Table iH).

2 Time and number of samples. In direct
sterminations of Vpl hased on a single
ample, 10 minutes 15 wsually considered an
adequate mixing tune (Noble & Gregersen,
1946) However, three recent studies mvolv-
wg the use of rapd mulniple samplmg have
shown that fluctuations i th¢ concentration
of tagged cells or radivactive sochinated al-
pumin may contiue for longer than 10 nu-
autes, and even as long as 25 mumites, after
wjection of tags, ‘even i hiealthy subjects
(Pritchard, Moir & Machuyre 1955; Funk-
hauser 1957, Tuchman, Famerty & Buch-
,hrlz 1959), In 27 experiments o which
bmpl«s' ere taken 10, 20 uand 30 nunotes
alter myection of the tagged dls, mean Vrbe
was the same at each sampling time ( Iable
If). The variation 1 radhoactivity between

Table IV Hematocrits of Fieo Successive

6 ml Samples of Blood Takin from Indwel-

lmg Necdle after Discontovang the Saline
Infusion a 15 1 vporiments

Homatoorn, % cells

Sceond

First sample samnple Dutfercnce
Mean 422 4213 4008
Ringe 350480  JB0-4K1  -03- 108
D 33 34 027

the 3 samples m a swngle experment ih tlus
seftes, however, was significantly hugher than
in a succeeding 103 experiments m which
samples were tahen at 25, 30 and 35 minutes
(5. of a single reacing = 52 ml in the
first 27, and 36 ml in the succeeding 103 ex-
periments). As long as at least 10 mmutes
are allowed for mixing and the subject has no
arculatory disorder, errors due to premature
samphing not be larger than 1—2 per cent
(Noble & Gregersen 1946) We prefer to
wint 25 munutes or longer for the reasons
outhned above and because there is no pro-
blem with foss of tag when using Créd.

Three samples were taken at S-minute
wmitervals 1 103 eaperiments on healthy men
(Wennesland et ol , 1959)  Analysis of the
differences between individual results showed,
for Vrile,

standard deviation of a sigle value
= 36 ml,

standard error of mean of 3 values

= 2t ml

These volumes are small i companson
with the staudard deviations of the mean
predicted cell volumes for men and women,
190 and 134 ml, respectively (Wennesland
et al 1959, Brown et al') The S D of a
single value, 30 mil, 1epresents fess than haif
of the wmean difference between results of
reprated measaremetits on ndividual  sub-
jeets, B0 ml (lable V) Thus, the result
oblamed from a single sample 15 accurate
cuough for most chimical work; we take 2
sumples, prmandy as a safeguard agamst
loss or breakage, and average the results

Muang may be delayed to an important
digree moa number of pathological condi-
tions, and premature sampling gives spur-
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(Samet, Fritts, Fishman & Cournand 1957)
and 5.7 per cent of blood (Berlin, Hyde,
Parsons & Lawrence 1952).

The data presented earlier make it clear
that with our procedure used in healthy sub-
jects and animals, errors in Vrbc due to the
in vitro handling of blood and to the tech-
nique of administering the cells and of sampl-
ing are very small, totaling well under 1 per
cent (Tables 1, I1I and IV). With an aver-
age counting error of 1.6 per cent (Nomof
et al. 1954), the error ansing from estimat-
ing radioactivity of the average of two blood
specimens, compared to that of the tagged
cell suspension, is less than 2 per cent. At
least 2 per cent of the average test-retest
variation remains to be explained.

The S.D. of the hematocrit of a siugle
blood specimen, measured in duplicate, was
0.27 scale divisions in the 103 experiments
where 3 samples were taken. The experience
is about the same as described by Wintrobe
(1934), from whose data it appears that the
maximum expected variation of the test as
pesformed in vitro is 0.86 per cent. Our
practice of averaging the duplicated hemato-
crits of 25- and JO-minute samples lowers
this source of error. An indeterminate error
in calculating Vrbe from the radioactivity of
whole blood relates to the quantity of plas-
ma trapped in the cell column. With normal
blood and uniform procedures of anticoagula-
tion and centrifugation, this quantity might
be expected to represent a constant fraction
of the cell column. However, from the dnﬁn-{
culties encountered in measurin, lh:s lr

(Chaplin & Mollison 1952; Il
1955; Furth 1956; Gregersc
1959), this expectation may ¢ )usn

Such error couh\lmwar anwum to

R. WENNESLAND ET AL.

——
per cent or more. Au error, probably not ¢,
cecding one per cent, arises from assumy,
constancy of the fraction of the cell columy,
occupied by white cells and platelets, or frog
errors in estimating the thickness of the
buffy coat (Reeve 1952; Wintrobe 196])

Vpl and Vwh are derived values and y,
certain to the extent that the observed hempg.
tocrit of blood taken from a large vein of
artery differs from “true” body hematocrj,
{Chaplin, Mollison & Vetter 1953; Greger.
sen & Rawson 1959). Tourniquet stasis of
dilution of samples with salife or anticoy.
gulant solutions can seniously affect Vug
and Vpl without affecting Vrbe. In repeateq
determinations (Table VI) we found thay
Vwb was less constant than Vrbe. This cap
probably be accounted for by the lability of
Vpl and its dependence on body water and
cardiovascular phenomena. Because the ratio
of body hematocrit to large vessel hematacnit
is affected in several clinical conditions where
blood volume is an variable
(Brown, Hopper & Wennesland 1957), our
prediction standards for healthy men and
women were prepared without applying cor-
rections for this discrepancy. If \/Cr" i
thus considered to be Vwb, and Vpl (: ley
— Vrbc, observed values can be compared
1o the values derived [[rom the prediction
chaits and equations (Wennesland ef ol
1959; Broln ¢f ¢).)

“True” lej vegages about 110 per cent
of VCré, al(hb«gh the relationship is not
constant} (Chaplin et al. 1953; Samet o al
1957). Failure to correct for the body heamal-
ocrit: venous hematocrit ratio, or the as-
sumption of a ratio not applicable under the
circumstances of the study, will lead to
errors in estimating “true” Vwb from Ve

important

CREDME e s
. -
and hematocrit,
10 pet cent in healthy subjecrs at rest, 20 pa
cent in cases of cougestine heart Galuce
(Samet et al. 1957 Brown ¢t al 1957) and
5§ per cent with massive  splenomegaly
(Fudmbcrg, Baldni, Malioney & Dame-
ek 1961). Birkeland (1960) has pomted
ot that whicg blood volume 2> calaulated

AMousting teoas nnnh s

from the hematocrit and a measurement of
only celf or plasma volume, crrors due 1o
istaken assumptions about (he body bomat-
ot venous hematoerit ratin will be greater
whien the hematocrit 15 igh than when it 1,
ow. In many chmcal situabions a1y desir-
ble to make separate measurements of ccll
and plasma volumes. , !

3
'

SUMMARY |

We have described i dotual a modifics
won of Sterling and Gray’'s (rt method o1
bood volume determmation with which we
have had considerable eapericice The doce
of Cr$t needed for taggmg 12wl of the pa-
tent'y blsod need not exceed 50--75 uC if
3 well-type' sgintillation counter 1s used The
uxged cell suspension s usually stored over-
mght so that the test can be done conven-
-&uly before breakfast The cells are k-
nered from a small apparatus
heogh an indwelling needle which 15 1o
wed for sampling,

The over-all error of the nieasurement of
«ll volume, as shown by 1epeatg the teat
dtes intervals of 3 to 31 widke, averages 30
¥t cent. This comparcs favorably with ae-
whs obtainglavith other modifications of
e 3t method and with 12, even though

l‘)ﬂg tune interval hetween tests m this
udy allowed the possibility of within-~ub-
't changes of cell volume

infusion

LT I N T B I NP T s
The mupor ~otnees ot etrtor are aj the
detcrmmation o vadiactivity of blood speci-

nictts wid tagged coll suspension, and b) de-
termation: of the centnfuged  hematocnt,
particubarly with respect to the percentage
of trapped plasma i thie cell column. Failure
to measure accurately the volume of tagged
ol suspension delivered to the subject, a
serious potential source of error, proved to
be relatively wunnportant with the technique
wwed  Frrors telating to the collection and
handlng of bload for hematocrit determina-

, hony .unl m the predction of the “body

lunnlmm venons  hematrocrit  ratio can

m.mnnlly affect the estmation of blood and
plasma volumies, but not cell volume.
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